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INTRODUCTION 


THE extensive sand hills which cover a large part of western Nebraska (Pool, 
1914) are inhabited by a race of deer-mouse (Peromyscus maniculatus 
nebrascensis) that is mostly limited to this area of sand (Ostenson, MS). 
The sand-hill race is much paler and more buffy in pelage color than is the 
race (P. m. bairdi) that inhabits the prairies to the eastward. The more 
arid plains to the westward of the sand hills are inhabited by a third race 
(P. m. osgoodi) that is larger in some dimensions and is somewhat darker 
in pelage color than the sand-hill race. 

The sand hills are, in many places, sharply marked off from the sur- 
rounding more compact soils. These harder surrounding soils often are of 
a darker color than is the sand. It has accordingly seemed desirable to 
determine how closely the sand-hill race of deer-mouse is limited to the 
sand hills and to secure information about the type of intergradation which 
connects the several races living in the area. 
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METHODS 


All the mice herein described were born in the laboratory. After being 
reared under standard conditions to an approximate age of one year they 
were killed by ether and were prepared as specimens. The color analysis 
of the dry, flat skins was made with an Ives tint photometer (Dice, 1932: 
5-7, 19-22). 

The body measurements of all the mice here described were taken by 
myself. .By mistake, the body measurements of certain individuals of two 
stocks were made by another member of the Laboratory staff, but these 
measurements have been omitted in the computation of the means. As a 
result, the number of individuals used in calculating the means of the exter- 
nal measurements for the Dog-ear Lake stock is 82 and of the Gavin stock is 
only 36. The measurements of the femurs and skulls and the tint photome- 
ter readings were taken by various assistants. The statistical calculations 
were mostly made by B. J. Bujak. 
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Map 1. Map of parts of Nebraska and gasgrent states, showing localities at which 
breeding stocks of mice were collected. 


Statistical comparisons between the stocks have been made by the method 
of Dice and Leraas (1936). Any difference between two means that is 
greater than about 2.7 times its standard error is considered to be significant. 


COLLECTING STATIONS 


The stocks of deer-mice here described were secured at the following 
stations : 
_ Agate. Along the rock ledges on both sides of the Niobrara River, one- 
fourth of a mile to one mile east of Agate, Sioux County, Nebraska. 
Antioch. In sand hills four to seven miles north of Antioch, Sheridan 
County, Nebraska. 
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Ayers Park. Along La Prele Creek, one-half mile south of Ayers Park 
and fifteen miles west of Douglas, Converse County, Wyoming. 

Colome. On clay-loam soil five miles southeast of Colome, Tripp County, 
South Dakota. 

Dickens. In a sandy area six miles east and one mile north of Dickens, 
Lincoln County, Nebraska. 

Dog-ear Lake. In a sandy area one-fourth mile north of Dog-ear Lake 
and fifteen miles southwest of Colome, Tripp County, South Dakota. 

Gavin. In sand hills four miles northwest of the railroad siding of 
Gavin and nine miles northwest of Anselmo, in Custer County, Nebraska. 

Gregory. Along the railroad right of way near Gregory, Gregory 
County, South Dakota. 

Kelso. In sand hills near Kelso Park, six miles east of Mullen, Hooker 
County, Nebraska. 

Hackberry Lake. In sand hills around Hackberry Lake, twenty-five 
miles south of Valentine, in Cherry County, Nebraska. 

Kennedy. In sand hills near the ranch-house post office of Kennedy, 
forty miles south of Valentine, Cherry County, Nebraska. 

Krause Ranch. In sand hills on Krause’s Ranch, thirty-one miles south 
of Hay Springs, Sheridan County, Nebraska. 

Lincoln. On loamy soil nine miles north of Lincoln, Lancaster County, 
Nebraska. 

Mirage. Along both sides of the Niobrara River in Mirage Township, 
fourteen miles south of Hay Springs, Sheridan County, Nebraska. 

Ravenna. On sandy loam one to two miles east of Ravenna, Buffalo 
County, Nebraska. 

Sparks. In a meadow one and one-half miles west of Sparks, Cherry 
County, Nebraska. 

Valentine. On the grounds of the State Fish Hatchery, in Government 
Canyon, one mile northeast of Valentine, Cherry County, Nebraska. 

Victoria Springs. On loamy soils one-half mile east of the state park 
at Victoria Springs, which is six miles east of Anselmo, Custer County, 
Nebraska. 

VARIATION IN SOIL COLOR 


A sample of the surface soil was collected at each trapping station, was 
air-dried, and then was brought to the laboratory. The colors of the soil 
samples have been measured by means of the Ives tint photometer. In mak- 
ing the soil readings the tint photometer is thrown out of focus, so that the 
general effect of the mass of soil is obtained rather than the color of any 
particular soil particle. 

The several collecting stations have been arranged in Table I in three 
transects and one isolated station. In each transect the stations first listed 
are in the Nebraska sand hills and those last listed are outside the sand hills. 

In the western transect, Kelso lies near the middle of the sand hills; 
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TABLE I 


Conor or SuRFACE Sor IN THE SAND-HILL REGION 
Mean tint photometer readings of dry soil samples, in per cent 


Stations Red Green Blue-violet 
Western transect 
TCLS Omarion cheer ree 23.4 18.4 d'5:o 
Antioch 24.0 18.8 14.5 
Krause Ranch 23.9 18.7 14.9 
Mirage 18.9 15.2 12.0 
AZAate corn 24.6 20.3 16.9 
Ayers Park 14.1 11.2 Ell 
Northeastern transect 
Konnedyitay cence eae 21.6 16.5 13.4 
Hackberry Lake esses 39.3 31.5 25.3 
(Viailenitan Oty santero eek 26.8 22.7 19.2 
SPALSSieeea ttn ants 12.2 9.1 7.4 
DOP-CaT, AKG siisseasetcssscemes 14.6 11.4 9.2 
ColGmey ance eee 10.1 8.0 6.2 
CRO DOTY rat cco cant tina tar no.sample <2) (ccc geen meee 
Southeastern transect 
(Cleiehtty Ripa aia ies cece Ted, Too 10.7 
Victoria Springs 14.0 10.6 8.7 
TRAV. GMT Bite oettont 15.8 11.6 9.4 
DINGO: Vaanietearncgurentesran ne TOZSAM PIO | a estas Oe Ilene 
Isolated sand area 
E)ICKCNS Seen nee, 26.8 20.1 15.7 


Antioch is in the sand hills, about ten miles from their western border; 
Krause Ranch is in the sand hills, but only a mile from their western edge; 
Mirage lies about five miles west of the sand hills; Agate is over fifty miles 
west of the sand hills; and Ayers Park is one hundred miles west of Agate. 

Of the stations in the northeastern transect, Kennedy lies in the main 
body of the sand hills; Hackberry Lake is about twenty-five miles from the 
northeastern border of the sand; the Valentine station is just outside the 
sand hills; Sparks is about seven miles northeast of the sand hills; Dog-ear 
Lake lies in the middle of an isolated sandy area about thirty miles across; 
the Colome station is on black clay loam about five miles beyond the sand 
area surrounding Dog-ear Lake; and Gregory is fifteen miles beyond this 
sand area. 

In the southeastern transect, Gavin lies within the sand hills, but only 
about five miles from their southeastern edge. Victoria Springs is several 
miles outside of the sand hills. Ravenna is more than sixty miles southeast 
of the sand hills. Lincoln lies more than one hundred and seventy miles 
outside the sand hills. 

Dickens lies within a large, isolated sand area south of the South Platte 
River. , 

All the stations that are well within the main body of the Nebraska sand 
hills have soils that are relatively pale, as shown by their high tint photome- 
ter-readings (Table I). Here are included the Kelso, Antioch, Kennedy, 
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and Hackberry Lake stations. The exceptionally high readings of the 
Hackberry Lake sample are due to the presence of many soil particles hay- 
ing a high reflectance value. The Krause Ranch and Valentine stations, 
which lie at the edge of the sand hills, and the Dickens station, from the 
isolated sand area south of the Platte River, also have soil colors as pale as 
those of most stations lying within the interior of the sand hills. The soil 
at the Gavin station, however, from several miles within the sand _ hills 
along the southeastern transect, is somewhat darker than the other sand- 
hill soils. The Agate soil, from more than fifty miles west of the sand hills, 
has readings as high as many of the sand-hill samples. 

The Dog-ear Lake station, although located within a small area of sandy 
soil, has a shade of soil color considerably below that of the sand hills, but 
not nearly so dark as that of the Colome station. The Ravenna station 
likewise is intermediate in soil color, a condition perhaps to be explained by 
the near-by presence of some small areas of sand. The Victoria Springs 
station is just southeast of the sand hills, but its soil is considerably darker 
than that of the sand hills. Mirage lies just west of the sand hills, and its 
soil is also somewhat darker than that of most of the sand-hill stations. The 
Ayers Park soil is close in tint photometer readings to the Victoria Springs 
and Dog-ear Lake soils, being considerably darker than the soil of the sand 


-hills but somewhat paler than the soils from the more eastern prairie areas. 


The lowest tint photometer readings, indicating the darkest color of soil 
for any of the stations in the general sand-hill region are given by the 
Colome sample. The Sparks soil sample also has relatively low tint pho- 
tometer readings. No soil samples, unfortunately, are available from the 
Lincoln and Gregory stations, but it seems probable that the Lincoln station 
at least would have exhibited still lower readings. The Colome readings 
correspond fairly closely to those of some prairie stations in eastern North 
Dakota from which the resident deer-mice are assigned to the subspecies 
bairdii (Dice, 1940: Table I). 

In general, then, the sand-hill soils are much paler than the soils of the 
surrounding areas. Dickens and Agate are the only stations more than a 
few miles outside the sand hills, the soils of which have as high tint photome- 
ter readings as the sand-hill samples. Dickens lies in a large, isolated area 
of sand, that evidently is very similar in shade of color to the soil of the 
sand hills. Agate, on the contrary, does not lie in a sandy area, and the 
reason for the pale color of the soil there is not known to me. It is possible 
that this sample does not well represent the average of soil color in the 
ee soils of the areas immediately surrounding the sand hills, though 
they are darker in color than the sand, are distinctly paler than the prairie 
soils of the eastern parts of Nebraska and the Dakotas. The soil at Ayers 
Park in Wyoming also is approximately of the same shade as are the soils 


surrounding the sand hills. 
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The change in soil color at the border of the sand hills is in general well 
marked and rather closely correlated with the limits of the sand. One 
station (Gavin) several miles inside the sand hills, however, has a relatively 
dark color for its position, and one station (Mirage) a few miles outside the 
sand hills, has paler soil than most of the other stations around the sand 
hills. 

VARIATION IN PELAGE COLOR 


The palest pelage colors among the deer-mice from the sand-hill region 
are exhibited by the stocks from the midst of the sand. The Hackberry 
Lake mice have the highest mean tint photometer readings of all the stocks, 
and the difference between their means and those of the next highest means 
are statistically significant for reflected green and blue-violet, both from 
the dorsal stripe and the side, but are not significant for reflected red 
(Table IT). 

The Kelso and Krause Ranch stocks rank next in order of paleness, and 
both these significantly exceed all the other stocks, except the one from 
Hackberry Lake, in the mean tint photometer readings for the percentage 
of red reflected from the dorsal stripe and of green and blue-violet reflected 
from the side of the body. The Kennedy and Antioch stocks, which also 
were taken on the sand hills, rank fairly high among the stocks, but both 
are significantly exceeded in tint photometer readings for dorsal-stripe 
green and blue-violet by the Mirage stock, which comes from just outside 
the western edge of the sand hills. Although the Gavin stock was secured 
a few miles inside the southeastern border of the sand hills, it averages 
darker in pelage color than the other sand-hill stocks, and its photometer 
readings rank in general with those of the stocks from the immediately sur- 
rounding region. 

Of the stocks that were secured on the areas adjacent to the sand hills, 
the Mirage stock ranks highest in tint photometer readings, and for some 
colors its means exceed, as has already been pointed out, those of. certain of 
the sand-hill stocks. The Victoria Springs stock also ranks fairly high, and 
for some color comparisons it is not significantly exceeded in mean readings 
by the Kennedy or Antioch sand-hill stocks. The Dickens stock, which 
comes from the isolated sand area south of the Platte River, does not differ 
significantly from the Gavin stock for any color reading, nor are its mean 
readings significantly less than those of the Kennedy stock for the dorsal 
stripe, but with these exceptions it has significantly lower mean readings 
than the sand-hill stocks. The Sparks stock, from the northeastern transect 
a few miles outside of the sand hills, has mean tint-photometer readings 
that do not differ significantly from those of the Dickens stock. The stocks 
from Valentine, which is close to the northeastern edge of the sand hills, 
and from Ravenna, which lies sixty miles southeast of the sand hills, do not 
differ significantly from one another in tint-photometer readings, and both 
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TABLE II 


PELAGE COLOR OF PEROMYSCUS MANICULATUS FROM THE SAND-HILL REGION 
Mean tint photometer readings and standard errors, one-year age class, both sexes, in 


per cent 
Dorsal Stripe 
Stock 
Red Green Blue-violet 
Western transect 
16.94 + .30 11.13 + .19 7.54+.14 
13.35 + .31 9.30 + .18 6.61 + .12 
16.22 + .37 10.97 + .23 7.66 + .15 
14.67 + .40 10.25 + .28 7.33 + .24 
11.68 + .20 8.25 + .14 5.76 + .12 
11.94 + .22 8.66 +.17 6.54 + .13 
Northeastern transect 
A ONNGG Fn cadee a tty 14.12 + .29 9.50 + .18 6.61 + 14 
Hackberry Lake . = 17.51 + .45 12.11 + .28 8.514 .21 
Valentine (28s = Nel 11.28 + .18 8.04 +4 .12 5.50 + .10 
BPAEKS te ses .oe a 13.82 + .28 9.09 + .17 5.92 + .12 
Dog-ear Lake o.rcceccccccnn 8.52 + .19 6.34 + .15 4.72 +.11 
Colome 8.72 + .13 6.22 + .10 4.69 + .08 
Gregory 9.31 +.18 6.76 + .13 4.77 + .09 
Southeastern transect 
EP pl beta cect a eee 12.59 + .34 8.77 + .23 5.82 + .16 
Victoria Spring 14.44 + .35 9.86 + .25 7.05 + .20 
RSV ON Ae cece: 11.08 + .22 7.68 + .14 5.29 + .11 
Lincoln ...... of 6.60 + .11 5.08 + .08 3.96 + .08 
Isolated sand area 
TRFLG Wor eee ee an ee 13.78 + .30 9.33 +.21 6.14 + .15 


Side Stripe 


Western transect 


ACe1S0 fen. ls 29.52 + .32 20.03 + .23 14.37 + .19 
PANTIOCHE | oo ace =e 25.58 + .41 18.25 + .26 13.38 + .19 
Krause Ranch & 28.54 + .46 20.13 + .80 14.61 + .22 
Miraves 226 ae 25.83 + .51 18.02 + .34 12.83 + .25 
yWeg tree eee My 25.69 + .32 18.74 + .27 13.49 + .23 
Ayers Park 23 sate 24.06 + .36 17.57 + .21 13.10 + .20 
Northeastern transect 
ikennedy7 ee 28.06 + .32 18.61 + .21 12.90 + .21 
_ Hackberry Lake is 29.55 + .53 21.45 + .33 15.90 + .28 
bP Valentines. 222 ee 22.29 + .32 15.92 + .23 11.46 + .18 
Sparks x 25.19 + .33 16.68 + .20 11.30 + .15 
Dog-ear Lake = 17.56 + .18 13.11 + .14 9.91+.13 
Colome vse ot 18.98 + .22 13.52 + .15 9.82 + .12 
GreSOry ee emaneer 18.68 + .24 13.38 + .17 9.71+.14 
Southeastern transect 
Caving ee ae 24.05 + .34 16.30 + .21 11.19 + .21 
Victoria Springs 25.32 + .31 17.76 + .26 12.75 + .23 
: Ravenna... as 21.64 + .36 15.18 + .22 10.90 + .19 
Tancolne + oe eee on 15.71 + .22 11.46 +.17 8.78 + .14 
Tsolated sand area 
Dickensics.. ces 7 24.83 + .45 16.33 + .29 11.32 + .24 


© 
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of these stocks have somewhat lower mean photometer. readings than those 
of the stations closer to the sand hills. 

The Agate and Ayers Park stocks, which were both secured many miles 
west of the sand hills, do not differ significantly from one another in mean 
readings for some colors, but the Ayers Park readings average significantly 
the higher in the amount of blue-violet reflected from the dorsal stripe, and 
the Agate readings average significantly the higher in red and green re- 
flected from the side of the body. These stocks rank in general near the 
Gavin stock in readings for the dorsal stripe and near the Victoria Springs 
stock in readings for the side. They are therefore darker than most of the 
sand-hill stocks, and are of about the same shade as the stocks from the area 
immediately surrounding the sand hills. 

The darkest pelage colors are shown by the easternmost stocks—those 
from Gregory, Colome, Dog-ear Lake, and Lincoln. The Lincoln stock is 
the darkest of all and has significantly lower means for all color comparisons 
than any other of these stocks. The only significant difference between the 
other three stocks is that the Dog-ear Lake stock has a significantly lower 
mean for side red than either the Gregory or Colome stocks. All three of 
these stocks, however, have significantly lower mean readings for all color 
comparisons than any of the other stocks here described, except the one 
from Lincoln. 

A tendency for pelage color to be correlated with the soil color of the 
habitat is strongly marked in these mice, as in most other small mammals 
(Dice and Blossom, 1987: 92-108). Thus, the mice living on the pale- 
colored sands of the Nebraska sand hills are in general the palest of our 
stocks. Likewise, the mice living on the darker soils of the eastern prairies 
are relatively dark in coat color. There are, however, many exceptions to 
the general trend toward correlation between pelage color and surface-soil 
color. The Agate and Ayers Park mice, for instance, average nearly the 
same in tint-photometer readings of coat color, but the soil of the Ayers 
Park locality has considerably lower readings than the Agate soil. Like- 
wise, the Sparks soil is relatively dark, but the mean color neadings for the 
Sparks mice rank relatively high among the stocks. 

The failure of some of the stocks to follow the general trend toward a 
correlation between their pelage color and the soil color of their habitat is 


_ probably due in large part to the occurrence here, as elsewhere, of numer- 


ous local races, the characters of which are only partially controlled by the 
environment (see Dice, 1940a: 12-18). 

The change from pale-colored, sand-hill deer-mice to the darker-colored 
deer-mice of the surrounding area occurs fairly close to the border of the 
sand hills. The number of stations from which mice were collected, how- 
ever, is not sufficient to establish the precise width of the area of intergrada- 
tion along each of the transects. For the western transect the Mirage stock, 
which was taken about five miles west of the sand hills, averages as pale in’ 
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pelage color as many of the typical sand-hill stocks. The Agate and Ayers 
Park stocks, however, which were secured many miles to the westward, aver- 
age decidedly darker in pelage color than the sand-hill mice. 

The evidence from the northeastern transect is somewhat confusing. 
The Valentine stock, which was taken on pale-colored soil just outside the 
sand hills, averages fairly dark in pelage color, whereas the Sparks stock, 
which was seeured on decidedly dark-colored soil several miles farther away, 
averages in tint-photometer readings only slightly below some of the stocks 
from the middle of the sand hills. All the stocks of this transect that were 
secured at points farther removed than Sparks from the sand hills, average 
distinctly dark in pelage color. 

Along the southeastern transect, the Gavin stock, from several miles 
inside the sand hills, averages slightly darker in pelage color than the Vic- 
toria Springs stock, which was taken several miles southeast of the sand 
hills. The Ravenna and Lincoln stocks, which were secured many miles 
southeast of the sand hills, are both much darker in pelage color than the 
sand-hill mice. 

The distance beyond the sand hills to which the pale color characteristic 
of the sand-hill deer-mice spreads is difficult to determine from the data at 
hand. It has already been shown that the populations immediately sur- 
rounding the sand hills are in general darker in color than those living on 
the sand. The stocks from farthest west along the western transect differ 
little in shade of color from those living near the edge of the sand hills. 
The northeastern and southeastern transects are both broken by local areas 
of sandy soils, and these paler-colored soils undoubtedly disturb the color 
gradients along these transects. It is certain that intergrading populations 
surround the sand hills for about ten or more miles on every side, and that 
populations fairly pale in pelage color recur on some isolated sand areas, 
such as on the one at Dickens. 

There is much variability of the pelage color in some of these stocks of 
mice, particularly in those from the stations on the sand hills. Within the 
stock from Hackberry Lake, for instance, some mice are a rich yellow buff, 
others-are pale buff, and still others are gray. The degree of variability in 
pelage color of the several stocks is best measured by the standard deviations 
of the tint-photometer readings. These are given, for reflected red only, in 
Table III. The standard deviations for the other colors are of approxi- 
mately the same comparative order as those for red. 

The lowest standard deviations for the tint-photometer readings of our 
stocks, indicating the most uniform pelage colors, are given by the mice 
from Lincoln, Colome, Dog-ear Lake, and Gregory. 5 Somewhat higher 
standard deviations, expecially for the readings of the side of the body, are 
exhibited by the stocks from Agate, Ayers Park, and Ravenna. These seven 
stations are all located at some distance from the sand hills. In addition, 
the Valentine stock, from just north of the sand hills, has standard devi- 
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ations which do not differ significantly from those of the Agate, Ayers Park, 
or Ravenna mice. 

The highest standard deviations are shown by the Krause Ranch and 
Hackberry Lake stocks, both from stations within the sand hills. The Kelso, 
Antioch, Kennedy, and Gavin sand-hill stocks are only somewhat less 
variable. The Mirage stock, from just outside the western edge of the sand 
hills, is greatly variable, and its standard deviations of color readings fall 
between those of some of the sand-hill stocks. The Victoria Springs stock, 
from just-southeast of the sand hills, and the Sparks stock, from a few miles 
northeast of the sand hills, are also considerably variable, and the standard 
deviations of their color readings for red are not significantly smaller than 
those of some of the sand-hill stocks. The Dickens stock, from the isolated 
sand area south of the Platte River, has standard deviations which do not 
differ significantly from those of the less variable of the sand-hill stocks. 

This analysis of the variability of pelage color in these deer-mice shows 
that none of the populations living on or immediately adjacent to the sand 
hills are nearly as uniform in color as are the populations of the same species 
living many miles removed from the influence of the sand. 

It might be expected that the populations living in the middle of the sand 
hills should be more uniform in color than those at the edges, where inter- 
gradation with the surrounding races is taking place. However, the sand 


TABLE III 


VARIABILITY OF PELAGE CoLoR IN DEER-MICE FROM THE SAND-HILL REGION 
Standard deviations and standard errors of tint photometer readings, reflected red only, 
in per cent 


Stock Dorsal Stripe Side 


Western transect 


2.98+. 3.374. 
297+. 3.91 + .29 
4.13 +. 5.19 + .33 
3.64+. 4.61 +.36 
1.96+. 3.10 + .22 
1.88+. 2.99 + .25 
Northeastern transect 
ISONNEGY) cemneneeee 2.98 + .20 3.37 + .23 
Hackberry Lake 4.28 + .32 5.00 + .38 
Valentine orcccnmn 1.72 +13 3.09 + .23 
Sparks... 2.82 + .20 3.25 + .23 
Dog-ear Lake 1.92 + .13 1.85 + .13 
Colome .....cccceon 1.24 + .09 2.09 + .15 
GER OT San amen santaaeh wnsaeoansiete 1.73 + 12 2.36 + .17 
Southeastern transect 
Gavan fetes serene JON Sue 2.88 + .24 
Victoria Springs 2.92 + 22 
Ravenna . 3.07 + 25 
Lincoln 2.13 + .15 
Isolated sand area 
DICK ONG Siete dre tirnicaannke 3.71 + .32 
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hills seem to cover too small an area for the establishment there of a uniform 
race. Some of the stocks from the middle of the sand hills, notably those 
from Kennedy and from Kelso, do have somewhat lower standard deviations 
of the tint-photometer readings than some of the stocks, such as Krause 
Ranch, from near the edge of the hills. On the other hand, the Antioch and 
Gavin stocks, which were secured within about ten miles of the edge of the 
hills, are not more variable than stocks from the interior of the sand area. 

The considerable variability in pelage color of the sand-hill deer-mice is 
undoubtedly due in part to the occurrence, nearly throughout the area, of 
buff and gray color phases, which Clark (1938: 6) has shown to be alterna- 
tive in inheritance. The buff phase is characteristic of the subspecies 
nebrascensis, whereas the gray phase is in general characteristic of bairdii. 
The determination of the distribution of hereditary color characters in these 
populations, however, must await a more intensive genetic study, which is 
now in progress. 


VARIATION IN DIMENSIONS OF BODY AND SKELETON 


There is a general tendency in most of their dimensions for these deer- 
mice to be relatively small in the eastern parts of Nebraska and South 
Dakota and to increase in size toward the west. This is very evident in 
Table IV, where the stocks have been arranged according to their longi- 
tudinal position from east to west. 

In making the size comparisons, any stock whose mean fora particular 
measurement does not significantly exceed the smallest mean of the series is 
called small; if its mean does not differ significantly from the largest mean, 
it is called large ; and if its mean be both significantly smaller than some mean 
and significantly larger than some other mean it is ranked as intermediate. 

The Lincoln stock, which comes from the easternmost locality, is sig- 
nificantly smaller in hind-foot length than any other of our stocks; it ranks 
small in tail length, ear length, femur length, mandibular length, condylo- 
premaxillary skull length, and condylozygomatic distance; and it is inter- 
mediate in body length and in bullar width of skull. 

The Ravenna stock ranks small in ear length, femur length, mandibular 
length, and bullar width, and is intermediate in all the other measurements. 

The Gregory stock ranks intermediate in all measurements. In man- 
dibular length, however, it is fairly large, being significantly exceeded only 
by the Ayers Park stock. 

The Colome stock is intermediate in all its measurements, but in body 
length only the Valentine stock is significantly shorter and in condylo- 
zygomatic distance only the Dog-ear Lake stock is significantly smaller. 

The Victoria Springs stock ranks large in femur length and intermediate 
in all other measurements. In body length, however, only the Valentine 
stock is significantly smaller, and in tail length only the Dickens stock is 


significantly larger. 
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The Dog-ear Lake mice are small in mandibular length, condylopre- 
maxillary skull length, condylozygomatic distance, and in bullar width. 
Only the Lincoln stock has a significantly smaller hind foot. In the other 
measurements the Dog-ear Lake mice are intermediate. 

The Gavin stock ranks small in tail length, ear length, femur length, 
mandibular length, and skull length. In body length, however, only the 
Valentine stock is significantly shorter; in hind-foot length only the Lincoln 
stock is significantly smaller; and in condylozygomatic distance and bullar 
width of skull only the Dog-ear Lake mice are significantly smaller. 

The Sparks stock ranks intermediate in all measurements, though in tail 
length only the Dickens stock is significantly longer, and in several of the 
other measurements only a single stock is significantly smaller. 

The Valentine stock is significantly shorter in body length than any 
other stock. It ranks small in femur length, mandibular length, skull 
length, condylozygomatic distance, and bullar width. In tail length, foot 
length, and ear length it is intermediate. 

The Hackberry Lake mice are intermediate in all measurements, but 
only the Dog-ear Lake mice average significantly smaller in bullar width 
of skull. 

The Kennedy stock also ranks intermediate among the stocks in all 
dimensions of the body and skeleton. In tail length, however, only the 
Gavin stock averages significantly shorter. 

The Dickens stock ranks large in length of tail and only the Agate stock 
significantly exceeds it in length of hind foot and in condylozygomatic 
distance. In all the other measurements it ranks intermediate. 

The Kelso mice rank small in length of femur and length of mandible. 
In body length only the Valentine mice are significantly smaller, and only 
the Dog-ear Lake mice average significantly smaller in bullar width of 
skull. In all other measurements the Kelso mice rank intermediate. 

The Antioch stock ranks large in length of femur. In condylozygomatic 
distance and bullar width of skull it is significantly exceeded only by the 
Agate stock. On the other hand, only the Kelso stock has a significantly 
smaller mandible. In all other measurements the Antioch stock ranks 
intermediate. 

The Krause Ranch mice average small in length of femur. In the other 
_ Measurements the Krause Ranch mice rank intermediate. In length of 
mandible, however, only the Kelso mice average significantly smaller, and 
in tail length only the Dickens mice and in hind-foot length only the Agate 
mice average significantly larger. 

The Mirage stock ranks intermediate in all measurements. In body 
length, however, it is significantly exceeded only by the Ayers Park stock 
and in condylozygomatic distance only by the Agate stock. In bullar width 
_ of skull only the Dog-ear Lake stock is significantly smaller. 

_The Agate stock averages significantly larger than any other stock in 
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condylozygomatic distance and in bullar width of skull. Furthermore, it 
averages large also in body length, hind-foot length, tail length, ear length, 
length of mandible, and skull length. In femur length it is significantly 
exceeded only by the Ayers Park stock. 

The Ayers Park mice average large in body length, tail length, hind-foot 
length, ear length, femur length, length of mandible, and condylopremaxil- 
lary skull length. In condylozygomatie distance and bullar width of skull 
the Ayers Park mice are significantly exceeded only by the Agate mice. 

It will be noted that the Lincoln and Ravenna stocks, which are from the 
two most easterly localities here described, are the smallest in nearly all 
dimensions of the body and skeleton. Likewise, the Agate and Ayers Park 
stocks, from the most westerly localities, rank large in all measurements. 
The remaining stocks, including all those from the Nebraska sand hills, are 
more or less intermediate in measurements, as they are in geographical 
position, between the eastern and western extremes. 

The gradation in measurements from east to west is not uniform in these 
stocks, but, on the contrary, is decidedly irregular, indicating the existence 
of many local populations differing from one another in size characters. 
There is, nevertheless, a fairly consistent trend, so that the mice from the 
eastern edge of the sand hills tend in general to be somewhat smaller in most 
dimensions than those from the western edge of the sand. For instance, in 
ear length the stocks from the sand hills and the immediately adjacent sta- 
tions fall into the following order of magnitude of means, beginning with 
the smallest: Gavin, Victoria Springs, Kelso, Hackberry Lake, Valentine, 
Kennedy, Antioch, Krause Ranch, and Mirage. This order follows longi- 
tude closely. Some of the other measurements do not show as consistent an 
east-west trend as ear length. Nevertheless, the tendency toward increase 
in size to the westward is evident in all the measurements. 


DISCUSSION 


A conspicuous geographical gradient (‘‘cline’’ of Huxley, 1939) is pro- 
duced in the sand-hill region by the tendency for the pelage color of the 
deer-mice to be correlated with the soil color of their habitat. The deer- 
mouse population on the pale-colored sand of the Nebraska sand hills is 
accordingly predominantly pale in pelage color. Around the sand hills on 
every side both the soil and the mice tend to be darker. On isolated sandy 
areas, however, such as on the one at Dickens, and on other areas with pale 
soils, there are local, pale-colored populations. 

Another important geographical trend in the sand-hill area is the trend 
toward smaller dimensions of body and skeleton on the eastern prairies and 
larger dimensions in the west. The resultant size gradient is wholly inde- 
pendent of the gradient of pelage color. Indeed, the size gradient continues 
across the sand hills, just as though they were not there. In conformance 
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with this gradient, the deer-mice from the eastern parts of the sand hills in 
general average slightly smaller than those from the western parts. 

The east-west gradient in dimensions that is evident in the deer-mice of 
the sand-hill region also is present in the mice of the same species in North 
Dakota (Dice, 1940a: 6-8). This geographical size gradient seems, there- 
fore, to be characteristic of the deer-mice of all the northern part of the 
Great Plains. 

The pale pelage color of the sand-hill deer-mice is definitely correlated 
with the pale-colored sandy soil of their habitat. This correlation is, there- 
fore, an ecologic one. On the other hand, it is not known whether or not the 
trend toward increase in size of the mice westward across the Great Plains 
is correlated with any particular environmental feature. It is possible that 
this geographic size gradient also has an ecological basis, but that has not 
been demonstrated. 

Many local deer-mouse populations in this region fail to conform to the 
expected geographic gradients of size and color. A similar sort of local 
variation has been shown to occur in other regions. In part, the characters 
of the local color races may be correlated with local variations in soil color. 
To a considerable degree, however, these local populations seem to be inde- 
pendent of ecological factors, and many of them may be produced by chance 
combinations of genes (Dice, 1940) : 212-13). 

The type of geographic intergradation exhibited by pelage color in this 
region contrasts markedly with that of size characters. Size characters in 
these mice tend to intergrade rather evenly. This perhaps is correlated with 
the general rule that in mammals size is inherited in a more or less blending 
manner. In pelage color, on the contrary, many of the populations from 
the sand hills and the surrounding areas are highly variable, and some indi- 
vidual mice may be indistinguishable from individuals of the darker-colored 
adjacent subspecies. The inheritance of the color characters buff and gray 
in an alternative manner undoubtedly is in part responsible for this consid- 
erable variability of pelage color within the sand-hill populations. 

The hereditary factors which are responsible for the pale colors of the 
sand-hill mice and of the pale-colored isolated populations which appear 
elsewhere on the Great Plains have not yet been determined. It is known, 
however, that the buff and gray alternative factors, which in part distin- 


_guish the subspecies nebrascensis from bairdii, are widespread in deer- 


mouse populations (Clark, 1938: 6). It is probable that many other in- 
herited color factors are also widely distributed. The origin of a local color 
race is therefore probably not usually dependent upon the occurrence at 
that place of a new mutation, but rather, in most cases, results from the 
preponderance there of a particular combination of widely distributed genes. 

The stock of deer-mice from Lincoln, Nebraska, which is our easternmost 
locality, is here assigned to the subspecies Peromyscus maniculatus bairdii. 
This form is dark in pelage color and small in most of the dimensions of its 
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body and skeleton (Osgood, 1909: 79). There is, however, a considerable 
amount of variation in pelage color and in dimensions from place to place 
within the range of the subspecies (Dice, 1937: Tables I and II). The pale- 
colored deer-mice from the Nebraka sand hills are placed in the subspecies 
nebrascensis (luteus of Osgood, 1909: 77-78). This form is moderately 
small in body dimensions, and pale in pelage color. The stocks from Ayers 
Park and Agate are assumed to be of the subspecies osgoodi (nebrascensis 
of Osgood, 1909: 75-76), which is said to be of a pale color, but larger in 
certain body and skeletal dimensions than nebrascensis or bairdit. 

The recognition of the three subspecies bairdii, nebrascensis, and osgoodr 
ealls attention to geographical trends in deer-mouse characters which are 
important. In a broad view of the geographical distribution of the species, 
these subspecies accordingly are useful units of classification, but when we 
attempt to draw the boundaries between these geographical races in the 
sand-hill region we encounter considerable difficulty. Some of the stocks 
here described can definitely be assigned, on the basis of their average char- 
acters, to one or another of the three above-mentioned subspecies, but many 
of the stocks exhibit intermediate characters and, according to the usual prac- 
tice of mammalogists, must be considered to be intergrades. Unfortunately, 
however, the characters of body size do not intergrade in this region at the 
same places nor in the same manner as do the characters of pelage color. 
The result is that nearly all the stocks in this region are intergrades either 
in size or color or in both characters. 

Little would be gained if we should attempt to assign each of these stocks 
of deer-mice or each individual specimen to a particular subspecies. On the 
contrary, it seems better to consider the subspecies here to represent geo- 
graphic trends that at some localities are clearly expressed, but which in 
many intermediate areas are confused by the occurrence of local conditions 
and local races. 

From the ecological point of view, the subspecies nebrascensis represents 
a tendency for the evolution of a pale-colored population of deer-mice on the 
pale-colored sand of the Nebraska sand hills. This tendency, however, is 
opposed by constant interbreeding with darker-colored races around the 
borders of the sand hills. The sand hills seem not to cover a sufficient area, 
or perhaps selection is not sufficiently rigorous there, to have produced a 
uniformly pale race. On the contrary, most of the sand-hill populations are 
highly variable in color, and even in the midst of the main area of sand a 
small proportion of the deer-mice are dark in pelage color. 

The incipient pale-colored populations on the smaller, isolated areas of 


pale-colored sand elsewhere on the Great Plains are still more subject to. 


swamping by the surrounding darker-colored races than are those in the 
sand hills. This is probably the reason why the Dickens stock averages 
somewhat darker in pelage color than most of the sand-hill stocks. Never- 
theless, the same parallel tendency for the evolution of a pale-colored race 
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may be assumed to be present on this isolated sand area as on the larger 


area of sand hills. 
SUMMARY 


The tendency of the pelage color of deer-mice to be correlated with the 
soil color of the local habitat has resulted in the development of a pale- 
colored geographical race, Peromyscus maniculatus nebrascensis, on the pale- 
colored soils of the Nebraska sand hills. The sand-hill race, however, is 
nowhere uniform in pelage color, and every local population has a high 
degree of variability in shade of color. This variability is probably due in 
considerable part to constant interbreeding with the darker-colored popula- 
tions which surround the sand hills on every side. 

The dimensions of the body and skeleton are relatively small in the deer- 
mice living on the prairies of eastern Nebraska and eastern South Dakota 
(subspecies bairdit), whereas the mice of western Nebraska and eastern 
Wyoming are larger in size (subspecies osgoodt). The resulting geograph- 
ical gradient of deer-mouse size passes without interruption across the sand 
hills. The geographical gradients of pelage color and of body dimensions 
are therefore independent of one another in the deer-mice of this area. 

The geographical gradients of pelage color and of body dimensions 
seldom proceed evenly, but are frequently broken by the occurrence of local 
races which do not conform to the general trends. <A local race which is 
moderately pale in pelage color lives on an isolated sandy area around 
Dickens. This local race does not average so pale in pelage color as the mice 
living on the larger body of the sand hills. Its evolution is presumed, how- 
ever, to have been directed, in a nearly parallel manner, by the same ecolog- 
ical forces which produced the sand-hill race. 
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